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An investigation  has  been  conducted in t h e  Langley lg-foot  pressure 
tunnel to  determine  the  separate and cogibined  effects of high-lift and 
stall-control  devices, a Rzselage, and  the  vertical  position  of a swept- 

back wing. The wing  had an aspect  ratio 2.88, taper  ratio 0.623, and 
NACA 6 4 1 - ~  airfoil  sections normal to the  0.282-zhord line. The high- 

i back  horizontal  tail  on  the  aerodynamic  characteristics of a 52’ swept+ 

z lfft  and  stall-cantrol  devices  caneistea  of  split  flaps, 1eading”edge 

flaps, and  upper”eurface  fences. These test data were  obtained at a 
Reynolds number of 6.8 X 10 6 which  corresponded to a Mach number of 0.13. 

The results of the  investigaticm  indicate  that  the  increase in 
maximum lift of the wing with  leading-dge  and trailing-dge f l a p s  was 
slightly  larger thes t h e  sum of the  lfft  increments  contributed ha- 
vidually  by  the flaps. The stability  of  the w i n g  in the  moderate lf+ 
coefficient  range (0.7 to 0.9) was decreased  with leadingedge flaps 
and  beyond  this  lift-coefficiant range the w i n g  stall spread  outboard 
resultFng in Mther decrease in stability. The  tip stall and resulting 
unstable  pitching mnmFlrit. which  occurred  with  leading-edge  flapa on the 
wing were  improved wlth upper-+urface  fences.  Wpper-eurface  fences 

I 

edge flaps and split  flaps  to  break in a stable  direction at the 
lift. 

The  horizontal  tail  increased t h e  stability of the wing-fuselage 
U combination in the linear lift range; however, t h e  increase in stability 

decreased as the  position of the  tail wa8 lowered. In the nonlinear 
I 
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lift range, the  high  tail  position  contributed a destabilizing  effect 
while  most  configurations  indicated an increase in stability  with  the 
tail.in the low position. 

Means of counteracting  the  inherent  disadvantages  associated  with 
swept-wingwings  operating  at low speeds are being  investigated in the 
Langley 19-foot-pressure  tunnel  (references 1 to 4) . As a part of this 
fnvestigation,  tests have been made to determine  the  longitudinal 
stability and yaw characteristics  at large value6 of  Reynolds  number- 
of a meptback wing of  aspect  ratio 2.88, taper  ratio 0.625, 
and IBACA 641-112 airfoil  sections  perpendicular to the 0.2824hord line. 
The  longitudinal  stability  characteristics  of  the w i n g  with  and  without- 
split  flaps  have  been  presented in reference 5 anbthe yaw  characteristics 
have  been  presented  in  reference 6. 

The present  paper  contains  the  results  of  the  longitudinal  stability 
investigation  concerned  with  the separate m a  conibined  effects  of  high- 
lift and staill-control  devices, a fuselage,  and  the  vertical  position  of 
a sweptback  horizontal  tail.  The  high-lift  and  stall-cantrol  devices 
consisted ofsplit flaps,  leading+dge flaps, and upper-urfacs-  fences. 
The fuserage was test& in a 10w”wlng and midwing  position. The tail 
waa tested at various  vertical  locations for both wing--fuselage combin& 
tione. The data presented  hereinawere  obtained  at a Reyno1d.s number 
of 6 .8  X 10 which  corresponded  to a Mach number of 0.13. 6 
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SYMBOLS 

drag coefficisnt (Drag/qS)  

pitching+noment  coefficient;  moment  about  the  quarter  chord 
of mean aerodynamic  chord  (Momant/qSE) 

angle of attack of w i n g  chord,  degrees 

wing area, square feet 

wing  span,  feet 

e 
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C local  chord  measured parallel to  the  plane  of  symmetry,  feet 

Y spanwise  distance f r o m  plane of symmetry, feet 

Q free-stream dpmudc pressure, pounds  per square foot 

P mass density  of  air, slugs per  cubic foot 

v free-stream  velocity,  feet  per  second 

6 effective  downwash angle, degrees 

4 t h  ratio of effective dynamic preseure at the  tail  to free- 
stream d-c pressure 

it -Incidence of horizontal  tail  with  respect to wing chord 
.r . .. plane,  degrees 

h perpendicular  distance between the wing chord  plane extended 
L and  the  tail 0.25.5 point 

(Cmith at c, = 0 
effectiveness of horizontal tail o.n wing-flwelage combination 

M t  angulaz difference between the  two  Incidences of horizontal 
tail used 

The general arrangements  for the w i n g  equipped  with  leading-edge 
flaps,  split  flaps,  upper”eurface  fences, fuselage, and a horfzontd 
tail m e  presented in figures I and 2. 

The w i n g  &d 52.05’ sweepback at  the leading edge and NACA 6kl-l12 
airfoil sectims normal to t h e  0.282-hord line  of  the wing. The 
aspect  ratio  and  taper  ratio  of  the w i n g  were 2.88 and 0.625respectively. 
The w i n g  had no twist or dihedral. 
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The constant-chord  leading-edge  flaps were investigated  with  spans 

of 0.575- and 0.725:. The outboard  ends of these f laps  were located 

a t  0.975 percent of the wing semispan. The angle of the f l a p  chord  with 
respect  to  the w i n g  chord amounted t o  50’ measured in a plane normal t o  
the 0.282-wing-chord l ine.  

b 
2 

The spl i t   f laps ,   masured in a plane  perpendicular to   the  0.282- 
chord l ine,  had a chord equal t o  20 percent of the  local w i n g  chord and 
were deflected 60° from the wing lower  surface. The span of these  f laps 
extended  outboard 0.5& from the  plane of symmetry for  the  plain wing 

and low-wing-fuselqe  combination. With the midwing fuselage configu- 
ra t ion a section of the   f laps  (30 percent of the  f lap span) was removed 
t o  allow for the  fuselage. 

2 

The upper-surface Fences were of a constant  height  of60  percent of 
the maximum local   a i r foi l   th ickness  and extended  over 95 percent of the 
a i r f o i l  chord measured from the   t ra i l ing  edge. 

The circulm  fuselage had a maximum diamster of 34.8 percent of the 
root  chord and a f ineness r a t i o  of 10.2. The profile o p e  fuselage is 
defined in  reference 1, Two.wing posit ion8  relative  to  the fuselage 
center  l ine were tested. For a 1 0 w ” w i n g  position,  the 28.2-percent wing- 
chord l i n e  was 37.8 percent  of.the maximum fuselage diameter below the 
fuselage  center line. Wit4 the midwing fuselage  cwibination,  the 28.2- 
percent wing-chord line w a s  located on the fuselage center  line. Fillets 
were not used a t  the wing-fuselage junctures. A positive  incidence 
of 2’ existed between the wing-chord plane and the  fuselage  center line. 

The horizontal t a i l  used  during  these  tests had 4 Z O 5 O  sweepback at 
the  leading edge, an aspect rat30 of 4.01, a taper   ra t io  of 0.625,  and 
NACA 0012-64 airfoi l   sect ions parallel to-the  plane of symmetry.  The 
vertical   location of t h e   t a i l  is defined as the  perpendicular  distance 
between the wing-chord plane extended and the ta i l  0.256 point ( s s e  
f ig .  2) and w a s  adjustable by means of the   s t ru t  t o  which the t a i l  w a s  
attached. The incidence o f t h e  t a i l  ie   re fe r red   to   the  wing-chord plane 
and W&B changed by rotation about a line through  the 0.25E of the tail. 

Tests 

All t e s t s  were conducted  with the sir in  the  tunnel compressed t o  
an absolute  pressure of approximately 33 pounds per equere inch. Based 
on the wing mean aerodyqmic  chord,  the  Reynolds nmiber of t he   t e s t s  
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was 6.8 X lo6 which corresponded t o  a Mach nufber of 0.13. Figure 3 shows 
one of the  wlng“fuSela@ conibinations  mowted in  the tunnel. 

Measurements of the aerodynamic forces and moments were obtained 
through a n  ang lwf”b tack  range from -ko t o  28O, except fo r  the midwing- 
fuselage conibination  and 6ame wfng-fuselage coniblnations Fth the  hori- 
zontal tai l  where the maximum angle of at tack was 1’ or  2 lower. 331 
addition,  visual  observations of the stall were obtained for several 
model configurations by meas of t u f t s  attached t o  t h e  upper m f a c e  of 
the wing. 

Tables I, Il, and III m y  be  used as a guide to   the  var ious 
arrangements of wing,’ flaps, end tail teated. 

Correctfans = 

The t e s t  data a r e  presanted in  nondimansional coefficient form and 
have been corrected  for  the effectB of the  t a r e  and interference of model 
supports and air-stream misalinement. Jet4oundary  corrections  based an 
the method presented i n  reference 7 have been applied t o  the  angle of 
at tack and drag coefficient. The  pitching-ment coefficients have been 
corrected for the   dis tor t ion of the wing loading  induced by the tunnel. 

RESULTS AND DISCUSSION 

Leading6dge  flaps and s p l i t  flaps.- The effect  of the leading-dge 
f laps  on several aerodynamic characterist ics of  the wing w i t h  and  without 
sp l i t   f l aps  axe . shown in figure 4. $he more important r e su l t s  of these 
data have been summarized in table  I. 

The values of maximum lift coefficient  presented in table I indicate 
that the sum of the increments of maximum lift contributed by t h e   s p l i t  
f laps  and  leading-edge flapa (based on plain w i n g )  considerably under- 
estimated the increment of maximum lift obtained when the wing w a s  tes ted 
with both  flaps  deflected  simultaneously.  Slightly  higher  values of 
maximum l i f t  were obtained an a 42O sweptback wing equfpped with similar 
flaps (reference l), and the sum of  the  individual  increments of maximum 
lift slightly  overestimated  the  increment  obtained from the  conbination. 

It can be seen from figures &(a) and 4(b) that for   the  wing wlthout 
leading-edge flaps w i t h  or  without spl i t   f laps   def lected a marked increase 
i n  stability is obtained  through  the lift range up t o  a CL of about 0.9. 
T h i s  increase in s t a b i l i t y  is associated  with a rearward movement of 
center of pressure which could be attributed, as pointed  out in reference 5, . 
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t o  Bmau increases  in l i f t  near  the t i p  caused by the  action of the 
vortex flow over  the  outer  portion of the w. A further  increase in  
angle of attack  resulted  in complete separation of flow at t h e   t i p  
(fig.  5 )  and accompanying instabi l i ty .  

When the leading-edge f laps  were def lected,   the   s tabi l i ty   in   the 
lift range up t o  a CL of‘-about 0.9 was decreased (figs.  4 and 5 ) .  It 
can  be  seen in   f igure  6 tha t  through the  l inear  l i f t  range the  additions 
of lead-dge flaps  resulted in forward shifts of the aerodynamic 
canter up t o  5 percent of the mean aerodynamic chord. The decrease in  
s t ab i l i t y  in  the low lift range (CL up to 0.7) is at t r ibuted  to   the 
unstable moment contributed by the  leadingedge  f laps and in   the  moderate 
l i f t  range (CL = 0.7 t o  CL = 0.9) to   the   inabi l i ty  of the  leading-edge 
vortex  to form with  the  leading-edge  flap  present. Although the  leading- 
edge f laps  caused  the initla stall t o  occur at the  inboard  end  of  the 
flap,  the stall spread  outboard  with  the  result  that  inetability was 
obtained at m ~ ~ i m u m  l i f t .  A previous  investigation of a 42O meptback wing 
indicated similiar decreases in s t ab i l i t y  in the low and  moderate lift 
range with  the  addition  of l ead image   f l aps   ( r e fe rence   2 ) .  With ei ther  

o f t h e  42O sweptback w i n g  indicated  that  the stall also began at the 
inboard end of the  f lap  but it spread  inboard more rapidly  than it spread 
outboard,  thereby  effecting a stable  break  in.the pitching+noment  curves 
(reference 1). 

Upper-6urface  fenc.es.- The eff-ects of upper-surface  fences on the 
aerodynamic characterist ics of several model configurations have been 
brfefly  investigated and the   resul ts  a r e  presanted  in figures 7 to 9. 
It.was found that fences  placed  separately a t  spanwise location of 0.30” 
span and 0.45--span stations had a negligible  effect on the aerodynamic 

characterist ics of the  plain wing and thereyore have not been  presented. 

b 
2 b 

2 

The resu l t s  obtained.  with the 0.575~.-spm leading-ue  flaps  indicate 
2 

that fenceg  located O..O$ outbomd of the  inboqd end of the   f laps  

(0.4P-sganase  etation delayed t i p  st& and produced a stable pitclxtng- 

m o m e n t  slope  to  Just below k. ( f ig .  7 ) .  When sp1f.t f laps  were 

deflected  the  s tabi l i ty  was decreased slightly  in  the  high-lif t  range 
pr io r   t o  <, beyond which however the  pitchhg+noment  curve  broke 

in a stable  direction. Although the angle of attack was increased 
approximately 5 O  beyond that a t  which the pitching-moment curve  broke 
stable with onJy a very amall reduction i n  C h ,  it is believed that ” 

2 l2 

further  increase of -le o f  attack would r e su l t  in an unstable  condition. 
- 
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- Two spanwise positions of the  fence were tested in conjunction  with 

the 0.72$-span leadin@;-edge f laps  and sp l i t   f l aps   ( f ig .  8). Although 

the   resu l t s  are  not as favorable as those  for   the  0 .5S-span  leadbg-  

edge flaps,  there was an fmprmement In s t a b i l i t y   p r i o r   t o  

2 
i 

. "" 

2 

%tax; 
however, a t  or near cIJmax9 the moment c m e s  broke fn an unstable 

direction. It can  be  seen In figure 9 t h a t   t h e   t i p  stall is delayed  but 
not as effectively as for the  short-span leadi.ng+dge flap. 

! 

I 

I 

Wing4hselage C a n f  iguratione 

Several wing configurations were tes ted  in conjunction  with a fuse- 
lage (figs. 10 t o  14) in  a low-wing position and midwing position. The 
results of these tests have been summ~crized in  tab le  II. No f i l l e t s  
were used at the wing-fmelage junctions  for  either  configuration and 
therefore local effects  at  the  junctures may be severe. 

The fuselage in  the low- posftion  caused  very Bmall changes in 
lift throughout the  angle-ofdt tack range for   e i ther   the  p1ain"wlng or 
flapped-wing  configuration. The fuselage in  the midwing position had l i t t l e  
e f fec t  on the lift of the  plain WLng but it did result in lower  values of 
lift prior t o  & for  the  canfiguratians with spl i t   f laps   def lected.  

li The reduction in lift is  dm t o   t h e  removal of 30 percent of  the  spli t-  
f l ap  span t o  allow for the  intersecticm of the  fuselage. It is of  intereet 
t o  note, however, t h a t  even with  -the  center  portion of the s p l i t   f l a p s  
removed the  values of maximum lift obtained  with  the midwing position were 
equal t o  o r  s l ight ly   greater  than those  obtained for either  the  flapped 
w i n g  alone  or 10w"wing position. It is believed that the  juncture of the 
midwing configuration I s  more favorable than tha t  of the low- position, 
although  the  reason for the  increase in l i f t  over that obtained  with the 
wing with  the  f'ueelage off i s  not  readily  apparent. 

J 

The data shown in   f igure lO(a) for   the unflapped wing indicate   that  
the drag increase due t o   t h e  fuselage is very emall and is re la t ive ly  
independent of wing position. For the  flap-deflected  Configurations 
(figs.  IO@), 11, and. 132 an appreciable  increase in drag at t r ibutable  
to  the  fuselage  for  the low"win@; position  occurred,  whereaafor  the mid- 
wing position  the  resulte  .indicate a drag variat ian comparable t o  that 
of the fuselag-ff configuration w i t h  sp l i t   f l aps .  

I;n the linea?? lift range the fuselage caused a s l igh t  rearward shift 
in  center of pressure and a smalldecreaee in s t a b i l i t y  of  the &lapped 
w i n g  (fig.  l O ( a ) ) .  When the   sp l i t   f l aps  were deflected,  the results for 
the midwing position show a re la t ive ly  large rearward &if% in center of  
pressure which can be a t t r ibu ted   to   the  removal of the  center  portion of 
the  spl i t   f laps   ( f igs .  10(b) and 11). The effect  of the  fuselage on the 
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location of the aerodynamic center i s  presented i n  figure 12 and indicates 
tha t   the  fuselage caused a amall forward s h i f t  in the aeroagaamlc canter - 
in the low and moderate l i f t  ranges. The s t ab i l i t y  prior t o  and 
at was l i t t l e   a f f e c t e d  by the  presence of the fueelage for  all 
eonfigurations  except when the  f laps  were deflected  and-fences were added. 
The data for  the  flaps-deflected  configuration  with  fences (fig.  13) 
indicate, a t  or near C the s t ab i l i t y  of the wiq was reduced Kith the 

additton of the fuselage. A comparison of the stall patterns (figs. 9 
and 14) does not provide & explanation  for the change in directian of 
qitching-momsnt break although this mag be due t o  an inab i l i t y   t o  recognize 
emall B h i f t B  in center of pressure by tuft observation. Even thowh the 
fences with 'the fuselage present  did  not  provide  the  atability  obtained- 

.. 

k' 

without the fuselage, they d ih  improve the   s tab i l i ty  up t o  c%lEu 

The results of t e s t e  of  other  fence  location8 and conihinations are 
presented i n  table II. A combination of fencea  located a t  O.3&-epeun 

and 0.491span stations or 10 percent farther outboard had a negligible 
effect  on the s t ab i l i t y  in the high lif3 range. 

2 

2 

The effect  of a tail, located at eeveral. ver t ica l  poeitione, an the - 
lift and pitching+nomt  characterist ics of' various wfng-fuselage catibi- 
nations is presented in figures 15 and 16. The data presented are  f o r  
only me of the two ta i l  incidences.tested. A summary of the  pitching- 
momant characterist ics is presanted in table  111. Vmiations of effective 
clownwash and dgnamic-e~ewe r a t i o  have been included in these figures. 
The values of effective downwash were determined Prom pitching-momsnt 
data with tail on and tail off. The values of effectivs_dynamic-pressure 
r a t i o  were determined f r o m  the t a i l  effectivenees  obtained from tail- 
on t e s t s  and are  based m value6 of a t  zero lift (table IV) . 
The elope of the  downwash curve8 through the linear lift range is also 
presented in table  IV. 

(%>o 

=near lift raqe.-The E t r O n g  influence of the fuselage on the 
effective downwash can be seen by an inspection of the downwash curves in 
the  vicini ty  of zero lif% (f'ig. 15). The t a i l  in a position behow the 
fuselage is operating in en effective upwash of approximately 2 while  the 
t a i l  in a position  Just above the fuselage is  operating in an effective 
downwash of 2O. Even for  the highest t a i l  poeitions $9 
the  Influence of' the sharp afterbody of the fuselage is pronounced. 

I 
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.- Comparing the s tabi l i ty   obtained w i t h  the t a i l  on t o  that obtained 
Kith  the ta i l  off, the results indicate that through the linear lift 
range the   s t ab i l i t y   ( a s  measured by dCdcb) was greatly  increased by 

successively lower tail position [table. III and f ig .  17). As the t a i l  
w-as moved fromthe  high t o  low position,  the  aerodynamic-center  location 
w-as moved forward as much as 7 percent of mean aerodynamic  chord. Ihas- 
much as there is a negligible  variation of qt/q through the angle- 
of-attack range for all ta i l  positions  tested,  the change in  s t a b i l i t y  
between the ~ a r i o u s  t a i l  positions  can  be  assocfated with the  increased 
values of d€/du fo r   t he  low t a i l  positions  (table IV). 'These reeul t s  
are, in general, coraparable t o  those  obtained in a similar investigation 
with a 4 2 O  sweptback wing (reference 8) and also t o  Chose obtained f r o m  
surveys  behind' a 420 sweptback wing (reference 9) .  

1 the  presence of the tail. The increase in  s tabi l i ty   decreased at each 

Nonlinear lift raws.- A t  high lif't coefficients  the tai l  i n  the 
high position was opera thg   i n  a f i e l d  of greatly increase-d  de/&  and 
was becoming enveloped in a wake with the resu l t  that the tail actually 
contributed a destabil izing  effect   (f igs.  15 and 16). The s t a b i l i t y  
contributed by the tail in the low position was i n  most cases  increased 
in  the  nonlinear lift range over that in the liriear lift range because 
of the  reduced  values of d€ /da  and the  reduced  effects of qt/q. 

i. 
. .  

The stabi l i ty   contr ibuted by the ta i l  was not appreciably  altered 
when the  f laps were deflected (fig. 15). The differences i n  s t a b i l i t y  
are confine'd to  the  differences  obtained for the tail-off configurations. 

L 

The results  indicate that the tail in a position below the 
fuselage gave the most desirable  increase in  s t a b i l i t y  throughout  the 
lift range. It should be mentioned, however, that a fuselage afterbody 
having a more gradual taper and an imprwed fusel-ng juncture might 
increase the effectiveness of the tai l  i n  the hi@ positions. 

In general, the stabil izing  effectiveness of the t a i l  is  
approximately  the eane for the present wing an3 the 420 sweptback wing 
of reference 8; however, the complete configurations for the 420 swept- 
back are  more sat isfactory because of the  greater s t a b i l i t y  of the 
wing-fuselage c d i n a t i o n a .  

CONCLUDING REMARKS 

The resu l t s  of a longitudinal-stabil i ty  investigation of 
a 520 sweptback wing t es ted   in   var ious  coniblnations with high-lift and 
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s t a - c o n t r o l  devices, a fuselage, and a sweptback horizontal ta i l  
indicate  that:  

1. The increase in--imum lift of the wing attained  with  leading- 
edge and trail ing+dge  f laps  in combination WBB sl ight ly   larger  than 
the sum of the lift increments  contributed  individually by the  flaps. 

2. The addition of leading-edge f laps   to   the  plain wing or t o   t he  
w i n g  with s p l i t   f l a p s  caused a decrease in Stab i l i tg   in   the  moderate 
l i f t -coef f ic len t  range (0.7 t o  0.9). Beyand this   l i f t -coeff ic ient-  
range the  wing”stal1 spreads outboard, resulting  in  further  decrease in 
s tab i l i ty .  

3.  Upper-6urface  fences  with  leading-edge  flaps  delayed  the t i p  
stall and produced a stable pitching4noment slope t o   j u s t  balow the 
maximum l i f t  coefficient. Fences  caused the pitching+noment  curve of 

the wing with 0.575ppan leading-dge f laps  and s p l i t   f l a p e   t o  break 

In  a stable  direction at the maximum lift coefficient. 

b 

4. The fuselage decreased the   s tab i l i ty  of the  stable w i n g  configu- 
ration; however, it had a negligible  effect  on the unstable w i n g  
conf iguratims. ’ 

5.  The horizontal   ta i l   increased  the  s tabi l i ty  of the wing-  
fuselage combination in t h e   l i n e a r l i f t  range; however, the  increase 
in  stabil i ty  decreased.as  the  posit ion of -the ta i l  w a 8  lowered. In the 
nonlinear l i f t  range, the  high ta i l  position  contributed a destabilizing 
effect  while most configurations  indicated an increase  in  stabil i ty with 
the t a i l  in  the low position. 

Langley Aeronautical  Laboratory 
National  Advisory Committee for  Aeronautics 

Langley Field, Va. 
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I Figure 1.- Details of a 520 sweptback wing with fuselage and horizontal tail. Wing: aspect 

d inches. 
ratio = 2.88; taper  ratio = 0.625; area = 4429 sq in.; E = 39.97 in. AlL dimensions in 
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Figure 2.- Vertical position of horizontal tail with respect to chord plane of W i n g ;  mid-yd 
low -wing-fuselage comWnation. 
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(a) Front view. 

Figure 3. - A 520 sweptback wing-fbelage combination in the Langley 19-foot pressure tunnel. 
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(b)  Rear view, 

Figure 3.- Concluded. 
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(a) Split flaps off. 

Figure 4. - Aercdpmic characteristics of a 52O sweptback wing with and without leading-edges flaps, 
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Figure 4. - Concluded. 3 
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(a) Leading-dge flaps o f f  (b) Leeding-dge flaps on 

F i v e  5.- Stall studies of a 52' sweptback, w i n g  with and without 
0 . 5 7 9  span leading-dge flaps; s p l i t  flap8 deflected. 
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(a) Split flaps off. 

Leading-edge flap s?an 

P l a i n  wing 
C.725 b/2 
.575 b/2 

"" 
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0 2 .4 .6 .B 1.0 1.2 
CL 

(b) Split flaps on. 

Figure 6. - Variation of aerodynamic  center with lift coefficient for a 520 
sweptback wing with and without leading- and trailing-edge flaps. 
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Figure 7.- The effect of split flaps and upper-surface fences on the aerodynamic characteristics of a 
62O sweptkxk wing with 0.67 b -span leading-edge flaps. 52 
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Figure 8.- Aerodynamic characteristics of a 520 sweptback wing with upper-surface  fences  at two 
spanwise loca€ioxls. 0,725b -span leadin@-edge flaps and split flaps OIL z 
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i (a) 0.575b  -span  leading-edge flaps, (b 0.729 -span leading-edge flap, 
. . -  

z 
fences at. 0.45b 2' - fences at 0. ab z' - 

Figure 9.- Stall studies of 52' sweptback wing in combination with leading-edge 
flaps and upper-surface  fences. 
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(a )  Split flaps off. 

FigUe 10.- Aerodynamic characteristics of a 520 stveptback wing with fuselage on. 
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(b) Split flaps on, 

Figure 10. - Concluded. 
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Rgure 11.- Aerodynamic characteristics of a 520 sweptback wing with split  flaps, 0.57% -span 
leading-edge flaps, and fuselage. 
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(b) Split and. 0.57 5 8  "span leading-edge flaps. 

Figure 12. - Variation of aerodynamic-center  location with l if t  coefficient 
f o r  a 520 sweptback wing with several  fuselage positions. 
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Figure 13.” Aerodynamic characteristics of a 520 swepthack wing with 0.575h-span leading-edge 2 
flap, split flaps, upper-surface fences at 0.4 
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i Figure 14.- Stall studies of a 520 sweptback wing  with low-wing fuselage, 
0.5752, “span leading-edge flaps, split flaps, and upper-surface fences, B 
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(a) Wing configuration - plain. 

Figure 15.- Effect of a horizontal tail on the aerodynamic  characteristics 
of a 520 sweptback wing with fuselage; midwing combination. 
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(a) Wing configuration - plain. 

Figure 16.- Effect of a horizontal tail on the  aerodynamic characteristics 
of a 5Z0 sweptbackwing with a fuselage; low-wing combination. 
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(b) Wing configuration - split flaps, and 0.575b "span leading-edge flaps. z 
Figure 16.- Continued. 
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(a) Flaps Off. 
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Figure 17. - Variation of aerodynamic-center  location wi th  Uft coefficient 
f o r  a 520 sweptback wing-fuselage corn-tion and horizontal tail. 
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